the performance of spaceborne radiometers degrades with time, and the sensors often differ in design and performance from mission to mission. To ensure that geophysical changes are not confounded by instrumental changes and/or mission transitions, ocean-colour time series must be continuously monitored and periodically updated through reprocessing of the entire data record.
. Characterization of the changes and functions of pelagic ecosystems, however, requires more than just a measurement of changes in the chlorophyll concentration. An advantage of multispectral satellite ocean-colour measurements is that distributions of other optically active constituents can all be determined 9, [13] [14] [15] [16] . Examples are the concentrations of coloured dissolved and particulate organic matter, particle-size spectra, and phytoplankton physiological status based on remote sensing of ocean-fluorescence properties. A better understanding of the nature of climate-change impacts on the ocean biosphere will result from an assessment based on this broader suite of parameters.
Boyce et al. 3 make a sorely needed contribution to our knowledge of historical changes in the ocean biosphere. Their identification of a future ability to assess these changes is also in jeopardy. In the United States, a National Research Council study is under way to assess issues concerning sustained satellite ocean-colour observations 17 . Improving the long-term understanding of changes in pelagic ecosystems, initiated by Boyce et al. 3 , will depend on the resolution of these issues. connection between long-term global declines in phytoplankton biomass and increasing ocean temperatures does not portend well for pelagic ecosystems in a world that is likely to be warmer -phytoplankton productivity is the base of the food web, and all life in the sea depends on it.
Unfortunately, owing to the costs and complexity of satellite ocean-colour systems and competing priorities for science funding, our The daily light-dark cycle affects many aspects of normal physiology through the activity of circadian clocks. It emerges that the pancreas has a clock of its own, which responds to energy fluctuations.
The pancreas is a mosaic organ: its different cell types regulate sugar and fat metabolism through controlled production of digestive enzymes and hormones in response to food and physiological demand. To maintain normal blood glucose levels after a meal, for instance, β-cells in pancreatic islets produce insulin, which then stimulates glucose uptake and storage by the muscle and fat cells, and stops glucose production and secretion by the liver. It is increasingly being appreciated that circadian clocks -sets of genes through which organisms keep track of time -regulate these processes. But exactly how they function is not known. On page 627 of this issue, Marcheva et al. 1 report that pancreatic islets have a circadian clock that regulates insulin secretion, and that disruption of this clock causes greatly increased blood glucose due to impaired insulin secretion, a hallmark of diabetes.
Circadian biological phenomena -from the daily movements of plant leaves to human sleep-wake cycles -have been recognized for centuries, but their underlying physical and biochemical mechanisms have remained mysterious. In 1972, a study 2 demonstrated that a brain region in the hypothalamus called the suprachiasmatic nucleus, which sits just above the optic nerves, is required for daily rhythms in animal behaviour. This established a physical location for the generation of rhythmic behaviour in mammals. The suprachiasmatic nucleus receives light signals through the optic nerves, and so uses daylight cues to set the clock time and to couple light-dark transitions to behavioural outputs.
Subsequent genetic studies identified several genes that mediate rhythmic behaviour. Biochemical investigation of the proteins expressed by these genes led to the current model of the mammalian circadian clock. This clock is a molecular oscillator based on a negative-feedback loop in which the transcription factors CLOCK (or the related protein NPAS2) and BMAL1 work together to drive the expression of many genes, including those encoding their own inhibitors -the period (PER1, PER2 and PER3) and the cryptochrome (CRY1 and CRY2) proteins 
CONDENSED-MATTER PHYSICS

Bringing the noise
Chetan Nayak
Noise is usually viewed as the bane of measurements. But a neat experiment has confirmed a long-standing prediction for an exotic electronic state of matter through the increase of noise in charge transmission.
On page 585 of this issue, Bid et al. 1 report the observation of neutral particles propagating upstream along the edge of certain fractional quantum Hall systems -exotic electronic phases of matter that belong to the larger family of topologically ordered systems. The result confirms a never-before-verified theoretical prediction and has possible implications for quantum computation.
In a topologically ordered system 2 , or topological phase of matter, the long-distance, low-frequency properties of the system are immune to local perturbations. A subset of these exotic systems, termed non-Abelian topological phases, are those in which a collection of the system's particle-like excitations, called quasiparticles, has many states with the same energy. (If there is a unique state, the topological order is said to be Abelian.) Braiding these quasiparticles -that is, winding their Surprisingly, it emerged later that fruitflies have circadian clocks not only in the brain, but also in every cell 4 . Moreover, studies in mice showed that many mammalian organs harbour circadian clocks 5 . The question was: do clocks outside the suprachiasmatic nucleus have physiological roles?
Two sets of findings suggested that mammalian clocks outside the brain participate in metabolic regulation. First, expression of enzymes, transporters and receptors that regulate metabolism fluctuate robustly throughout the day 6 . Second -and unexpectedly -circadian clocks outside the suprachiasmatic nucleus are adjusted on the basis of feeding time rather than the light-dark schedule 7, 8 . For example, the cellular energy sensor AMPK controls the stability of cryptochromes and may contribute to nutrient entrainment of the clock in the liver 9 . General disruption of clock genes profoundly affects both locomotor activity and feeding behaviour, and so may indirectly alter metabolism. This problem can be overcome by organ-specific inactivation of genes such as Bmal1, which leaves general behavioural patterns intact. 'Conditional' ablation of Bmal1 in this way demonstrated a role for retinal circadian clocks in visual perception 10 and for liver circadian clocks in glucose regulation 11 . Notably, liver-specific ablation of Bmal1 caused lowered blood glucose levels only during the times of day when mice naturally fast. This observation supports a role for mammalian circadian clocks outside the brain in predicting recurrent daily changes in metabolic demand -in this case 11 leading to increased glucose production by the liver during times of expected fasting.
Despite these advances, many questions remain about the function of various circadian clocks. For instance, although disruption of Bmal1 -either in all cells or specifically in the liver -alters metabolism, the effects are mild and, depending on the nature of disruption, metabolic outcomes differ. Do clocks in other organs counteract some of the effects of the liver clock?
Marcheva et al. 1 show that the mouse pancreas also harbours a functional circadian clock, with individual pancreatic islets having robust clock function even when outside their normal tissue environment. The islet clock seems to consist of the same components as other mammalian circadian clocks, and drives rhythmic expression of genes involved in insulin sensing, glucose sensing, and islet growth and development. These clocks are therefore crucial for the specific metabolic needs and functions of islet cells (Fig. 1) .
The authors 1 find that, compared with normal mice, mice in which circadian-clock function is generally disrupted produce less insulin, both under resting conditions and after a shot of glucose. Moreover, these animals' pancreatic islets are smaller and less adept at insulin production than are those of normal mice. These results indicate that the islet clock directly regulates insulin production. But is reduced insulin secretion due to a loss of the islet clock specifically, or to indirect mechanisms associated with the loss of other circadian clocks? To answer this question, Marcheva et al. specifically disrupted the circadian clock in the pancreas by ablating Bmal1 there. They note that the resulting mice have profoundly elevated levels of blood glucose under resting conditions, as well as impaired insulin secretion in response to a dose of glucose.
Marcheva and co-workers' observations should put to rest any doubts as to whether 1 show that the pancreas also has a local clock, which directly affects insulin secretion in response to high blood glucose levels.
CLOCK and BMAL1 have crucial roles in the regulation of metabolism, independently of their roles in controlling behaviour. They also provide further evidence for the idea that mammalian circadian clocks outside the brain enable animals to synchronize physiological processes with recurring, and therefore predictable, changes in metabolic demand.
One enduring difficulty in the study of circadian clocks' role in metabolism is whether disruption of CLOCK and BMAL1 leads to metabolic defects by affecting circadian rhythms or through activities unrelated to their clock function. Answering this question will require a technical breakthrough -for example, a small-molecule clock inhibitorenabling selective disruption of clock function without ablating CLOCK or BMAL1 proteins entirely. Regardless of these semantic details, by linking CLOCK and BMAL1 activity to insulin production, Marcheva and co-workers' data hint at a potential alternative strategy for the treatment of diabetes, through enhancing the activity of these proteins. 
